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Background: Creating biological pacemaker has the potential to cure certain bradycardia. The hyperpolarization-activated cyclic nucleotide-gated 
(HCN) channel plays a critical role in the “pacemaking” activity of the sinus node. Gene transfer of HCNs to myocardium has successfully created 
biological pacemaker activities in several experimental animal models. However, potential toxicities after HCN overexpression have not been 
carefully investigated. In this study, we assessed the effect and potential mechanism of transferring human HCN4 (the major isoform of HCN genes in 
human sinus node) on automaticities and survives of cultured cardiomyocytes.
Methods: Neonatal rat ventricular myocytes (NRVMs) were isolated, selected and then cultured on microelectrode arrays (MEA) to assess their 
automaticities. Morphology and apoptosis with and without infection of various titers of adenoviral human HCN4-GFP vector (Adv-hHCN4) were 
assessed.
Results: Control non-transfected NRVMs showed a low spontaneously beating rate (~60 beat/min). Beating rates were significantly increased 
to >200 bpm in NRVMs infected with 1 to 5 x 105 PFU/array (low doses) Adv-hHCN4. NRVMs infected with ≥106 PFU/array (higher doses) Adv-
hHCN4 initially beat much faster, but underwent significant apoptosis and stopped beating within a week. However, the myocytes infected with 
≥106 PFU/array Adv-GFP alone did not cause cell death. Therefore, cell death in myocytes with heavily overexpressing hHCN4 channels might result 
from intracellular Ca2+ overload which was toxic to cells. Adding HCN (Cs+, 5 mM) or Ca2+ (verapamil, 2 μM) channel inhibitor to the cultures 
significantly attenuated or completely prevented the apoptosis of myocytes with infection of higher doses of Adv-hHCN4.
Conclusions: Adv-hHCN4 transfer significantly increases myocyte beating rates. Heavily overexpressing hHCN4 can cause cell death probably due 
to intracellular Ca2+ overload. Therefore, giving an optimal dose of HCN4 to cardiomyocytes is crucial for long-term biopacing activity. Combination 
with specific channel inhibitor can potentially reduce toxicities of HCN overexpression and prolong biopacemaker activity.
